This study compared the performance of risk adjustment for congenital heart surgery (RACHS-1) score with paediatric risk of mortality (PRISM) score in operative risk prediction after open-heart surgery in children. This was a retrospective analysis of a non-selected patient population from the paediatric intensive care unit of Helsinki University Hospital. All consecutive congenital open-heart surgery patients operated in Finland between the years 2000 and 2004, who were under 18 years of age, were included in this retrospective analysis. Predicted probability of mortality was calculated using the published algorithms for RACHS-1 and PRISM. Those were compared with observed mortality at day 30 postoperatively. Of the 1001 patients, 42 patients died (4.2%) within 30 days of open-heart surgery. The discrimination power, evaluated by AUC (area under curve) for RACHS-1 was moderate: 0.74 (95% CI 0.66-0.82). The AUC-value for PRISM was poor, namely 0.66 (95% CI 0.57-0.75). Both risk scoring systems overestimated the mortality with calculated standardised mortality ratios (SMR) of 0.48 for PRISM and 0.39 for RACHS-1. With only a moderate discriminating AUC, RACHS-1 failed to adequately predict death after paediatric open-heart surgery. The predictive power of PRISM in this patient group was poor. Both scores overestimated the actual mortality rate.
Introduction
Risk-adjustment tools that predict death in paediatric intensive care units (PICUs) have become established in the past 20 years. The paediatric risk of mortality (PRISM), first published by Pollack et al. in 1988 , is a generic severity-scoring system that measures the probability of death on the basis of the hypothesis that physiologic instability reflects mortality risk w1x. Recently, a more accurate risk scoring system has been developed for postoperative cardiac patients. The operative risk scoring according to RACHS-1 (risk adjustment for congenital heart surgery) has been previously shown to predict outcome after paediatric heart surgery in many studies w2-6x.
Most risk prediction tools are not made to predict risk in an individual patient, but for overall comparison for different centres. Prediction tools should discriminate well between deaths and survivors and be well calibrated before they can be applied usefully to assess or standardise comparisons of PICUs or to correct for case-mix differences ૾ This study was supported in part by Helsinki University Central Hospital, Finland (EVO grant).
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between groups in observational studies. In recent years, the mortality rate of paediatric cardiac surgery has decreased below 5% in most centres. Many of these risk prediction tools were standardised either in the 1980s or 1990s, when the mortality rate with congenital heart surgery was higher. The aim of this study was to evaluate if PRISM as a general PICU prediction tool and RACHS-1 as a specific cardiac risk stratification may be used in prediction of day-30 mortality in consecutive and unselected paediatric open-heart surgery patients.
Materials and methods
This retrospective cohort study was performed in Helsinki University Hospital for Children and Adolescents, where all paediatric heart surgery is performed in Finland (population 5.2 million) without any patient selection. No patient referral from Finland to other countries was done during the study period. The study was reviewed and approved by the local Human Investigation Committee, which waived the need to obtain informed consent.
Subjects and data collection
Data from all patients under 18 years having heart surgery necessitating cardiopulmonary bypass (CPB) between 1 ASDsatrial septal defects, VSDsventricular septal defect, AVCsatrioventricular canal, TAPVDstotal anomalous pulmonary venous drainage, TOFstetralogy of Fallot, PAspulmonary atresia, RVOTsright ventricular outflow tract, HLHSshypoplastic left heart syndrome, TCPCstotal cavopulmonary connection,TGAstransposition of great arteries, DORVsdouble outlet right ventricle, IAAsinterrupted aortic arch. Fig. 1 . Receiver operating characteristic (ROC) curves for paediatric risk of mortality (PRISM), P-PRISM the probability of death calculated from PRISM score and for risk adjustment for congenital heart surgery (RACHS-1). The area under curve value (95% CI) for RACHS-1 was 0.740 (0.658-0.822), for P-PRISM 0.709 (0.632-0.787) and for PRISM 0.661 (0.574-0.748).
January 2000 and 31 December 2004 were included in the study. Primary outcome measure was death within the first 30 days (D30) after surgery. Data were obtained from two different electronic databases linked together by means of patients' social security number. Information describing patients' survival at D30 postoperatively were recorded in a specific paediatric heart surgery database (ProCardio, Melba Group, Finland), which obtains its information from the an Finnish Population Registry Centre. PRISM scores were obtained automatically from an Intensive Care database (Centricity Critical Care Clinisoft, GE Healthcare, Helsinki, Finland). This system calculates the score automatically using continuously monitored variables, laboratory tests and manual entries w1x. P-PRISM, the probability of ICU death is calculated using the equation P-PRISMs exp (r)y1qexp (r). All patients were also placed into operative risk category groups according to RACHS-1 scoring system w3, 4x. This was done retrospectively before analysing the final data.
Clinical outcome
Primary outcome measure was D30 all-cause mortality.
Statistical methods

Data are presented as median (interquartile range, IQR).
Statistical analyses were performed with SPSS 10.1.3 for Windows (SPSS Inc., Chicago, IL). Differences in continuous variables between groups were compared using the nonparametric Mann-Whitney test. A P-value-0.05 was considered significant. The discriminative power of independent predictors regarding day-30 mortality underwent evaluation by producing receiver operating characteristic curves (ROCs) and by calculating areas under the curves (AUCs) with 95% CIs. The calibration, i.e. the agreement between expected and observed outcomes according to P-PRISM, PRISM and RACHS-1 was planned to be determined with goodness-of-fit statistics applied to dichotomous predictions, calculated by a Hosmer-Lemeshow modification of x -test. However, due to the small numbers 2 of deaths (under 5) in several risk groups, these statistics could not be performed. Instead of this, standardised mortality ratios (SMRs) were calculated for each RACHS-1 and P-PRISM class.
Results
A total of 1027 patients had heart surgery necessitating CPB between 1 January 2000 and 31 December 2004. Data from 1001 cardiac surgery patients under 18 years of age were entered in this study. If one patient had multiple operations during the same intensive care period, the risk stratification for the first operation only was included in this study. Forty-two (4.2%) of these patients died within 30 days from operation. Patient characteristics according to surgical procedure are shown in Table 1. PRISM data were available in 972 patients. Twenty-two patients could not be placed to any RACHS-1 category group. The median PRISM-score was significantly lower for surviving patients 11 (7-15) than for those not surviving 13 (10-20) (P-0.001). Also, the probability of death calculated with P-PRISM was lower for survivors 0.046 (0.019-0.102) than for non-survivors 0.091 (0.050-0.188) (P-0.001). The risk category value of RACHS-1 was lower for surviving patients 3 (2-3) than for those who did not survive 4 (3-6) (P-0.001). A PRISM-value over 21, P-PRISM over 0.294 and a RACHS-1 value of 6.0 predicted death with a specificity of at least 95%.
The AUC value (95% CI) for RACHS-1 was 0.740 (0.658-0.822), for P-PRISM 0.709 (0.632-0.787), and for PRISM 0.661 (0.574-0.748) (Fig. 1) . Both P-PRISM and RACHS-1 showed poor overall accuracy with standardised mortality ratios (SMRs) of 0.48 for P-PRISM and 0.39 for RACHS-1. Downloaded from https://academic.oup.com/icvts/article-abstract/6/5/628/648077 by guest on 11 December 2018 P-PRISM is the probability of death derived from the paediatric risk of mortality (PRISM) score according to Pollack et al. w1x , SMRsstandardised mortality ratio.
Observed mortality and predicted mortality according RACHS-1 is depicted in Table 2 . The SMR of all quintiles of P-PRISM differed from 0.34 to 0.95 (Table 3) .
Discussion
The performance of PRISM predicting outcome in this large, non-selected paediatric open-heart surgery patient population was considered poor. RACHS-1, being a more simple classification of surgical procedures, performed somewhat better in this patient cohort with an acceptable discriminating power, but it also failed to predict fatal outcome with low SMR.
Scoring systems were originally developed in order to quantitate clinical states that are difficult to summarise by other objective or subjective means w7x. Much work has been emphasised on the development of better tools to evaluate the quality of care of paediatric cardiac patients. Clinical scoring systems are used to control for case-mix variables, for example cardiac diagnoses, and thus allow for standardised comparisons between institutions. The Aristotle score is the most recent one in paediatric cardiac surgery patients. It is based on the complexity of the surgical procedures and it adjusts the complexity of a given procedure and is calculated as the sum of potential for mortality, potential for morbidity and anticipated technical difficulty w8x. However, in studies comparing the basic Aristotle's score to RACHS-1, no clear additional value of Aristotle's score over RACHS-1 was noted w9, 10x.
PRISM was originally published by Pollack et al. in 1988 w1x . It has been widely used and found accurate in all patient groups of paediatric ICUs. However, the performance of PRISM in paediatric cardiac patients has been questioned in some studies, with an SMR as low as 0.5 w11-13x. PRISM was validated in the 1980s and this might make it out of date for present paediatric cardiac ICU populations with increased survival rates. Also, these patients are returned to the ICU from the cardiac operating room with their physiologic abnormalities treated with interventions and thus extremes in physiologic variables may not be present on admission to the ICU. The reason why the discrimination power of PRISM, measured both as PRISM itself and as P-PRISM, was so poor in our patient cohort compared to other units, remains unclear. The calibration value of these two variables was, however, similarly poor in our study as it was in many previous ones.
A different approach to risk stratification focusing specifically in cardiac surgery patients is RACHS-1. It has been shown to be an accurate risk predictor in paediatric openheart surgery both in the United States as well as in Europe w2-6, 14x. The downsides of RACHS-1 are that many patients cannot be placed into any risk groups, as in our patient cohort of 22 patients (2.2% from total number of patients). For example, cardiac transplantation patients and patients with ventricular assist device cannot be placed into RACHS-1. One of RACHS-1 risk groups (group 5 with the second highest risk) includes usually only a few patients if any and is, therefore, not useful. In our patient material only two patients of 1001 were eligible for RACHS-1 group 5. The discriminating power of RACHS-1 in our patient material as depicted by ROC was 0.74, which is very similar to previous studies, where it was shown to vary from 0.741 w4x and 0.755 w5x to 0.81 w6x. In the original work of Jenkins et al. the ROC value was 0.784 for the PCCC dataset w2x. All these values are considered at least acceptable in risk stratification. However, the ability of RACHS-1 to predict death was quite low with a total SMR of 0.39. The SMR also varied quite largely in different risk groups as seen in Table 2 . In the study of Jenkins and Gauvreau, total SMR varied in different US centres between 0.43 and 2.11 w3x. In European studies, SMR of each risk group varied from 0.52 to 3.6 w4, 5x. The highest SMR in our patient population was 0.55 in risk group 2. In the highest risk group, i.e. 6, SMR was only 0.30. In a recent, large study of Welke et al. w14x , the mortality rates of 29 different institutions from years 2001-2004 were lower in most RACHS-1 categories than predicted by the scoring system. These results resemble those of ours.
There are some limitations in this study. First, the mortality defined in this study was all-cause mortality at 30 days postoperatively. In the original publication of PRISM mortality was defined as ICU mortality. However, this would leave at least some definitely surgery related deaths out. In all previous RACHS-1 studies mortality was defined as inhospital mortality. This also leaves out those who died at home or at a referral hospital shortly after surgery. The 30-day mortality is a definite time point of survival with no exclusions of any deaths and evaluation of this was made possible by the Finnish Population Registry Centre. Secondly, the data analysed in this study are retrospective and thus automatically historical. Whether the same degree of risk prediction applies to patients operated presently, remains to be seen. Thirdly, not all patients had complete PRISM data. However, the PRISM data were gathered as routine clinical management, and this strategy served as a means of assessing the feasibility of data collection as part of standard clinical practice.
In this non-selected, population based patient group of paediatric open-heart surgery, PRISM proved to be a poor tool for risk stratification with low discrimination and calibration values. The discrimination power of RACHS-1 was good and in accordance to other studies published recently. However, RACHS-1 failed to accurately predict death after paediatric open-heart surgery patients. A different and more precise approach in predicting the outcome of these patients is needed in the future.
